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We recently described cytological findings in the adenohypophyses of a
group of patients dying in uremia of acute renal tubular necrosis.' Dramatic
changes in the acidophilic cells were interpreted as the morphological
expression of altered pituitary function in response to malnutrition. Changes
in the basophils were thought to result from both malnutrition and renal
excretory failure. The patients had all been well until the onset of uremia
and were maintained during their illness on a limited caloric intake derived
solely from carbohydrates.
These observations suggested a more extensive investigation of the effects
of nutritional status on pituitary morphology. The present report describes
the adenohypophyseal findings in a group of thirteen patients dying of neo-
plastic disease. A smaller group of patients dying of non-neoplastic chronic
disease associated with severe malnutrition is included for comparison. The
study strongly suggests that certain alterations in pituitary cytology can be
correlated with nutrition during the terminal period of life.
METHODS
Adenohypophyses. The method of study of the adenohypophyses has been described
in detail elsewhere.2 The glands were fixed in buffered 10 per cent formalin, USP.
They were cut so as to first remove a 1 mm. mid-saggital section including the
pituitary stalk; the remaining portions were bisected, one in the equatorial, the other
in the mid-coronal plane. Paraffin sections of each plane were stained by multiple
methods, Pearse trichrome PAS7 sections being utilized for quantitative study.
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Differential cell counts were performed by examining contiguous "high-dry" microscopic
fields so as to cover an entire histological section.
Cells were classified as follows:
"Storage basophils." Cells with small nuclei and cytoplasm tightly packed with PAS
positive granules. These are the "basophils" of most authors and the "maximal mucoid"
cells of Pearse.8
"Secretory basophils." Large cells with generally prominent nuclei and delicate
cytoplasmic stippling by fine, predominantly PAS positive granules ("intermediate and
punctate mucoid" cells of Pearse8; "amphophils" of Russfield'8).
"Storage acidophils." Cells with small nuclei and dense orangophilic cytoplasmic
granulation ("acidophils" of most authors).
"Secretory acidophils." Large cells with prominent, frequently hyperchromatic and
pleomorphic nuclei and cytoplasm containing delicate, predominantly orangophilic
granules. These cells would probably be included as "amphophils" by Russfield.'
"Hypersecretory cells." Cells with very large hyperchromatic or vesicular nuclei and
variable cytoplasmic mass containing only occasional PAS positive or orangophilic
granules ("hypertrophic amphophils" of RussfieldU).
"Chromophobes." Cells with small nuclei and scant agranular cytoplasm.
Other tissues. Sections of other organs including the endocrine glands were fixed in
Zenker's fluid with 5 per cent glacial acetic acid, embedded in paraffin and stained with
phloxine and hematoxylin.
Evaluation of terminal diet. Dietary intake during the terminal seven days of life was
arbitrarily designated as "good," "fair," "poor," or "nil" on the basis of estimated
average daily intake for this period: good; more than 1,000 calories including over
40 gm. protein, fair; 500 to 1,000 calories including 15 to 40 gm. protein, poor; less
than 500 calories and less than 15 gm. protein, nil; few, if any calories and no protein.
RESULTS
Patients dying of neoplastic disease
Clinical observations. The significant clinical data are recorded in Table 1.
With the exception of patient 1 who died of bilateral pulmonary alveolar
cell carcinoma, all patients had regional or distant metastases from their
primary tumors. The two patients dying of leukemia evidenced multiple
organ involvement.
The duration of illness varied from two months to ten years. Significant
weight loss was indicated in those patients from whom a reliable history
was available and most patients were described as poorly nourished, if not
cachectic.
Dietary intake during the terminal seven days of life was characterized as
"good" in three patients who ate well up to the time of death, "fair" in two,
and "poor" in seven. Patient 13, the only patient not hospitalized during
the terminal seven days, refused all nourishment and received water only.
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TABLE 1. CLINICAL AND MORPHOLOGICAL DATA ON PATIENTS DYING OF
NEOPLASTIC DISEASE
The normal values for pituitary cytological differential counts were derived
from the study of healthy individuals on normal diets who were victims of
sudden death."'3 Hormonal therapy, when received, is indicated by symbols.
Data on weight loss are based primarily on clinical history. The adrenal
weights represent the combined weight of bcth glands.
No. ABE DIAGNOSIS TERMINAL WEIGHT DIETARy
SEX AND WEIGHT LOSS INTAKIE
BURATION TERMINAL
7 DAYS
1. 59-F ALVEOLAR 38 K 14 K
CA. YR.* 162 cm
2. 52-f OVARIAN 55 x CA. YR. I7 cm -
3. S-H BRONCHO- 60 K
GENIC CA. 183 cm 4 K
6 MOS.*
4. 68-F MYELO- 60 K 5 I
BLASTIC 162 cm
LEUKEMIA
2 0OS.*
5. 41-F MYELO- 52 0 2 0
BLASTIC 168 cm
LEUKEMIA
YR.*
6. 46-5 BRONCHO- SO 5
GENIC CA. 174 cm -
6 MOS.
7. 61-N BRONCHO,- 681 K 9I
GENIC CA. 167 cm
6 MOS.
8. 54-M BRONCHO- 68 K -
GENIC CA. 180 cm
6 MOS. -
9. SO-M CA. OF 47 K 6 K
ESOPHAGUS 170 cm
2 NOS.
10. 69-f CA. Of 30 K 9 0
BREAST 145 cm
4 YRS.J
II. 53-F CA. OF U It -
PANCREAS 163 cm
4 YRS.#
12. 62-F TUBAL CA SO K 23 0
6 MOS. 161 cm
13. TI-F CA. OF 30 K -
BREAST 151 cm
10 YRS.1
GOOD
6000
GO0O
fAIR
FAIR
POOR
PMOR
PMOR
POORI
POORt
PooR
POOR
NIL
P TO u T A R T C Y T O L 0 6 Y
( PERCENTAGES)
ACIDOPHILS HGPER- UASOPNILS CIMRONO-
SECRETORY PHONES STORAGE SECRETORY CELLS STORAGE SECRETORtY
ST.7 S.1 3.3 14.6 3.5 IS.5
57.5 S.7 3.0 10.3 6.7 14.8
5T.5 10.7 5.1 8.0 4.2 14.5
45.7 5.7
59.5 10.4
6.6 16.9 12.7 9.4
S.3 9.6 S.2 10.0
4T.7 16.2 9.7 11.6 4.7 6.1
37.9 22.1 6.1 21.9 2.8 7.2
3S.6 26.3 7.8 15.S 8.3 6.5
50.4 IT.2 T.7 10.2 9.2 S.3
SS.4 13.9 4.5 9.3 8.5 8.4
31.5 20.7 10.3 19.4 S.1 7.O
36.7 21.1 II.5 15.6 3.9 11.2
10.9 50.6 23.9 6.1 2.7 3.8
44.3 1.2 0.0 6.6 6.5 21.4
N O R M A L R A N G E TO TO TO TO TO TO
60.0 2.6 0.3 16.8 10.1 34.7
ADRENALS THYROID GONADS
12.s
LI OIr
OEPLETII
11.6 gm LIPOIS
DEPLET N
12is,r
OEPLET'N
14.4 CORTIAL ATROPHY
21.9
CORtT CAL
AOENOIA
NORMAL LIPOIS
26.0 0 NETAS.
LIPOID BEPLET N
I1.5 CORTA1 ATROPHY
13.0 g SLIGHT LIPOID
DEPLET N
13.0 p SLiGHT
LIPOID
OEPLET N
LIPOID 05PLET'N
LIPOI')
0OEPLET N
13.0 p NODERATE
LIPOIU OEPLETON
12.0 gm ATROPHY SLIGHT 165t0-
LUTION
DESTROY-
MORMAL ED Y
TUdOR
I7.0o p SEVERE
I"NO- ATROPH
LUTION
13.' go ATROPHY INYOD-D4
LUTION.
FIBROSI S
13.0o DESTROY- 18Y0_ ED OY LOTION. UmO
f IBROSIS
1o.7 p m NOERATE MORIRL ATROPHY
1T.0 p MARKED
NOO.INVO- ATROPHY
LUTION
12.0 9 ERKED
M0.INVO- ATROPHY
LUTION
10.0 p DECREAS- SLIGHT ED SPER-
INVO MATOGEN-
LUTION ESIS
?;CO DEOCREAS-
SLIHT EO SPER-
INVO_ MATO6EN-
LUTION ESIS
1.1 p ABSENT
SEVERs ATROPHY
11.0 p ATROPHY
100. I6N0O
lUTION
18.5 pm ATROPHY
NORMAL
* - ADRENAL STEROID 00. ACTH TREATMENT J a ESTROG6EN * ANDROGEN D 1 POSTMENOPAUSAL
In several instances, patients who had lost considerable weight and were
poorly nourished ate surprisingly well during their terminal period in the
hospital.
None of the patients was uremic at the time of death and none was found
to have renal metastases or other significant renal disease. Several patients
received hormone preparations as part of their therapy (see Table 1).
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Morphological observations. The adenohypophyses of all these patients
showed striking changes. These consisted of increased proportions of
secretory acidophils and hypersecretory cells.
Table 1 shows the results of differential cell counts performed on the
equatorial sections of the glands. (The normal values recorded were derived
from the study of hypophyses of healthy individuals on normal diets who
were victims of sudden death.2'8) Secretory acidophils, which normally
represent 1 to 3 per cent of all cells, here comprised 5.1 to 50.6 per cent.
Hypersecretory cells, rarely seen in normal glands, accounted for 3.0 to 23.9
per cent of all cells, the increases paralleling those of the secretory acidophils.
Many transition forms between secretory acidophils and hypersecretory
cells were noted. The prominence of secretory acidophils and hypersecretory
cells appeared to be at the expense of both storage acidophils and chromo-
phobes.
The basophilic elements did not show consistent alterations. Storage
basophils were increased above normal in several instances and displayed
Crooke's hyaline change in those patients receiving adrenal steroid therapy.
A decreased percentage of secretory basophils was noted in eight glands.
The findings in the adrenal glands, thyroids, and gonads are shown in the
table. The adrenal glands were within normal weight range with the excep-
tion of Case 7, where metastatic disease was present, Case 6, where one
gland contained a cortical adenoma, and Case 12, where an increased weight
was unexplained. Most of the glands showed varying degrees of lipoid
depletion. The thyroid glands were characterized histologically as normal
in three instances, involutional in eight, and atrophic in two. The gonads
showed decreased activity or atrophy in all patients. Five of the female
patients were post-menopausal.
Fatty metamorphosis of the liver was noted in most instances, but its
severity could not be correlated with other morphological observations.
Patients dying of non-neoplastic chronic disease
The findings in the patients dying of non-neoplastic chronic disease are
shown in Table 2. All gave a history of significant weight loss and were
poorly nourished. (The weight recorded for patient 18 reflects in part a
massive edema). The terminal dietary intake of five patients was charac-
terized as "poor." Patient 19 received only intravenous fluids with some
carbohydrate added.
Two patients died in uremia of chronic glomerulonephritis, two of
chronic ulcerative colitis, one 14 months after extensive gastro-intestinal
and partial pancreatic resection for what proved to be a benign gastric ulcer,
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and one of an unclassified systemic granulomatous disease. Two patients
received adrenocorticotropin therapy; two, adrenal steroids.
The adenohypophyses of these patients showed increased proportions of
secretory acidophils (14.9 to 45.4 per cent) and hypersecretory cells (5.8 to
19.4 per cent) comparable to the findings in the patients dying of neoplastic
disease. Secretory basophils were reduced in percentage in all glands in
this group. The findings in the other endocrine organs were similar to those
in the neoplastic group.
TABLE 2. CLINICAL AND MORPHOLOGICAL DATA ON PATIENTS DYING OF
NONNEOPLASTIC CHRONIC DISEASE
P T U T A R C c Y T O L O G Y
( PERCENTAGES )
No. AGE DIAGNOSIS TERMINAL WEIGHT DIETARY ACIDOPHILS HYPER- BASOPHILS CHROMO- ADRENALS THYROID GONAOS
SEX AND WEIGHT LOSS INTAKE SECRETORY PHO9ES
DURATION TERKINAL STORAGE SECRETORY CELLSS STORAGE SECRETORY
7 DAYS
14. 47-F ULCERA- 43 E 14 K POOR 35.9 27.5 19.4 10.3 0.7 6.2 22.0 gm 13.0 gm ABSENT
TIVE 162 cm SLIGHT MOD.INVO-
COLITIS LIPOID LUTION
9 YRS.** DEPLET'N
15. 27-F ULCERA- 51 K 14 K POOR 42.3 26.7 t0.4 12.1 3.6 4.9 18.0 go 9.S go NORMAL
TIVE 162 cm MODERATE SLIGHT
COLITIS LIPOID GNVO-
YRS.** DEPLETN LUTION
16. 63-P GASTRO- 43 K 20 K POOR 39.9 30.0 17.4 7.1 0.6 5.0 13.0 gm 18.5 gm ATROPHY
INTEST. 150 cm MODERATE MOD. INVO- D
RESECT LIPOID LUTION
YR. * DEPLET'N
IT. 39-F CHRONIC 43 K 14 K POOR 50.6 14.9 5.8 10.5 1.6 8.6 10.0 gm 9.0 gm ATROPHY
GLSMERULO- 156 cm NORMAL SEVERE
NEPHRITIS ATROPHY
4 MOS. *
18. 40-M ChRONIC 72 K 15 K POOR 51.9 18.0 8.6 15.9 1.6 4.0 18.0 gm 21.0 go SPEPMAT
GLOMERULO- 182 cm NORMAL MODERATE OGENIC
NEHPRITIS ATROPHY ARREST
2 ORS. *
19. 22-M SYSTEMIC 40 K 20 K NIL 18.4 45.4 17.5 12.3 1.9 4.5 MARKED MARKED SPERMAT-
GRANULOMA- LIPOIU INVOLU- OGEFIC
TOUS DEPLET'N TION ARREST
DISEASE
6 MO2S.
44.3 1.2 0.0 8.6 6.5 21.4
NORMAL RANGE TO TO TO TO TO TO
60.0 2.8 0.3 16.8 10.1 34.7
o = ADRENAL STEROID 00 * ACTH TREATMENT o X POSTMENOPAUSAL
DISCUSSION
The adenohypophyses of thirteen patients dying of neoplastic disease
showed a markedly altered cytological pattern compared with the normal
adult gland (Table 1). There were strikingly increased percentages of cells
characterized histologically by large, active nuclei and cytoplasm containing
delicate orangophilic granules ("secretory acidophils") and still more active
appearing cells with densely hyperchromatic nuclei and little visible cyto-
plasmic granulation ("hypersecretory cells"). The increased proportions of
these cellular elements was at the expense of heavily granulated ("storage")
acidophils and small inactive chromophobes.
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The early findings of Severinghaus ' as well as the more recent studies by
Pearse8 andRussfield1' indicate that small densely granulated adenohypophy-
seal cells are primarily storage cells and that secretory activity can be attrib-
uted to cells which appear cytologically active, display prominent nuclei,
and contain delicate cytoplasmic granulation. The bulk of morphological
observations in patients with altered pituitary functional states supports
this concept.
The morphological data in our patients point to a markedly increased
secretory activity of acidophilic cells. Since these cells are generally
accepted as the site of growth hormone secretion, the observations may
reflect an enhanced secretion of this substance.
The possibility that growth hormone secretion is increased in the presence
of severe dietary restriction has been recently discussed."1' Starvation
reduces protein breakdown and nitrogen loss. Carbohydrate utilization is
also minimized, with consequent depression of glucose tolerance. Fat, as a
result, becomes the major metabolic substrate. The administration of pri-
mate growth hormone to human beings reproduces these changes, since it
also causes increased protein synthesis and a positive nitrogen balance.' "'
Blood glucose levels tend to rise (at least in diabetics) and glucose tolerance
is reduced in normal subjects.9 The hormone also promotes the mobilization
of depot fat in the form of free fatty acids9'10 and may produce ketosis,
changes which shift the metabolic pattern to one in which fat is the major
source of energy. The close parallelism between the metabolic effects of
starvation and the administration of growth hormone suggests that part of
the adjustment to starvation is the result of secretion of this hormone.'
The morphological finding of increased secretory activity of the acidophil
cells in our patients is consistent with an increased growth hormone secre-
tion in response to restricted caloric and protein intake. Figure 1 shows
that a close correlation exists between the degree of increased acidophil
secretory activity and dietary intake during the seven days before death.
Those patients who ate well during this period showed relatively slight
cytological changes, whereas those who had little or no caloric or protein
intake were found to have the highest percentages of secretory acidophils
and hypersecretory cells. It is apparent from Table 1 that the terminal die-
tary intake was a much more significant factor in relation to the cytological
changes than the history of weight loss or the terminal body weight.
The findings in the group of patients dying of non-neoplastic chronic
disease associated with malnutrition (Table 2) support our interpretation.
The increased percentages of secretory acidophils and hypersecretory cells
in these patients are entirely comparable to those of the neoplastic group.
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The importance of dietary intake during the relatively brief period preced-
ing death is further emphasized by the findings of similar cytological changes
in our study of patients dying in uremia of acute renal tubular necrosis.'
These patients, previously in good health, died seven to twenty-one days
after the onset of renal failure. They were maintained during their illness
on a limited caloric intake derived solely from carbohydrate solutions.
55__ _ _ _
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FIG. 1. Relation of acidophil secretory activity to diet during last seven days of life.
Diets characterized on basis of estimated average daily intake: good; over 1,000
calories and more than 40 gm. protein, fair; 500-1,000 calories including 15-40 gm.
protein, poor; less than 500 calories and less than 15 gm. protein, nil; few, if any
calories and no protein.
It has been suggested that enhanced growth hormone secretion may play
a role in the genesis of certain neoplasms.' The occurrence of increased
acidophil secretory activity in non-neoplastic acute and chronic disorders
associated with malnutrition as well as in patients dying of malignant tumors
does not lend support to this concept. Although there is some evidence of a
carcinogenic action of growth hormone in experimental animals,'1 it is of
interest that a statistical study of patients with acromegaly (in whom pro-
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longed excessive growth hormone secretion can be assumed) failed to reveal
an increased incidence of malignant neoplasms.
Consistent alterations were not noted in the basophilic cells, although
there was morphological evidence of decreased secretion in eight of the thir-
teen patients (Table 1). In our previous study, we postulated that sup-
pressed basophil secretion in patients dying of acute renal failure could
result from either malnutrition or renal excretory failure per se. The impor-
tance of the latter factor is emphasized by the present findings. Crooke's
change was present in the storage basophils of those patients receiving
adrenal steroids, but no changes could be regularly correlated with the
administration of other therapeutic hormone preparations.
The findings in the thyroid glands and gonads generally indicated
decreased activity. The thyroid glands of most patients showed involution
and in some, fibrosis and atrophy. The gonads showed decreased activity in
all instances, although five of the female patients were post-menopausal.
Some adrenal cortices appeared normal in structure and lipoid content, but
most of the glands displayed varying degrees of lipoid depletion, an altera-
tion which may reflect decreased functional activity.
It is concluded that the cytological changes observed in the adenohypophy-
ses of our patients dying of neoplastic disease reflect altered pituitary
function due primarily to malnutrition during the terminal period of life,
and may represent the morphological expression of enhanced growth hor-
mone secretion. The findings do not support a role of growth hormone in
the genesis of the neoplasms of these patients since comparable changes were
found in the hypophyses of patients dying of non-neoplastic disease associ-
ated with malnutrition. It is apparent that nutritional status, particularly
during the period preceding death, can profoundly alter normal adeno-
hypophyseal cytology and must be taken into account in the evaluation of
all human pituitary glands.
SUMMARY
The adenohypophyses of thirteen patients dying of neoplastic disease
showed morphological evidence of markedly increased secretory activity of
acidophilic cells. This finding, which may reflect enhanced growth hormone
secretion, was interpreted as a response to malnutrition, and could be cor-
related with the severity of caloric and protein deprivation during the last
seven days of life. The importance of nutritional status in the evaluation of
human pituitary cytology is emphasized.
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